
Clinical Complementary Medicine and Pharmacology 1 (2021) 100001

Contents lists available at ScienceDirect 

Clinical Complementary Medicine and Pharmacology

journal homepage: www.elsevier.com/locate/ccmp 

Full Length Article 

Investigation on the Metabolism of Salvianolic acid B, Tanshinone Ⅱ A,

Ginsenoside Rg1 and Ginsenoside Rb1 from Danshen-Sanqi Herbal Pair in

Zebrafish by Liquid Chromatography-Tandem Mass Spectrometry Analysis

Shijun Yin 

a , Congpeng Zhao 

a , Guang Hu 

b , Hua Chen 

a , ∗∗ , Fengqing Yang 

a , ∗

 

          

 

           

a School of Chemistry and Chemical Engineering, Chongqing University, Chongqing 401331, China
b School of Pharmacy and Bioengineering, Chongqing University of Technology, Chongqing 400054, China

a r t i c l e i n f o 

Keywords:

Zebrafish

Danshen-Sanqi herbal pair

Metabolite

Metabolic pathways

Synergistic effect

a b s t r a c t 

Background: Salvianolic acid B (SAB), tanshinone IIA (TIIA), ginsenoside Rg1 (GRg1) and ginsenoside Rb1 (GRb1)

are the main active components of Danshen-Sanqi herbal pair (DS-SQ), which is widely used in the treatment

of cardiovascular diseases in Asia. The compatibility mechanisms of compound Chinese herbal preparation may

be clarified to some degree by understanding the interactions of the active components based on their metabolic

research. Furthermore, zebrafish is a convenient and feasible model to study the metabolism of drugs.

Objective: To investigate the metabolism of SAB, TIIA, GRg1 and GRb1 in zebrafish by liquid chromatography- 

tandem mass spectrometry (LC-MS/MS) analysis.

Methods: Zebrafish embryos after 48-hour hatching were divided into nine experimental groups. The blank group

was exposed to 1 mL ultra-pure water. Eight drug-treated groups were exposed to 1 mL solution of SAB, TIIA,

GRg1, GRb1, SAB and GRg1, SAB and GRb1, TIIA and GRg1, TIIA and GRb1, respectively. After homogenization,

they were analyzed by LC-MS/MS. The Structures of the metabolites were determined by analyzing their corre- 

sponding mass spectra information and comparing the data with relevant literature. According to the change of

the amount of metabolites, the metabolic effect between SAB, TIIA, GRg1 and GRb1 were investigated.

Results: Eighteen metabolites and four parent drugs of SAB, TIIA, GRg1 and GRb1 in zebrafish were identified

by LC-MS/MS, including methylation, degradation, reduction, dehydrogenation, hydroxylation, desugarization

and glucuronidation metabolites. Furthermore, after being combined exposed of drugs, GRg1 and GRb1 could

promote the metabolism of TIIA, while SAB and TIIA could promote the metabolism of GRg1 and GRb1 to different

degree.

Conclusion: By using LC-MS/MS analysis, zebrafish was successfully applied to study the metabolism of SAB,

TIIA, GRg1 and GRb1, which is significance to explain the possible synergistic effect of components in DS-SQ

through modifying the metabolism in zebrafish. This study can be helpful for the further research of DS-SQ.
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. Introduction

Fufang Danshen prescription (FDP), an herbal compound prepa-

ation consisting of Salvia miltiorrhiza and Panax notoginseng , is one

f the most widely used drugs for the treatment of cardiovascular

iseases in Asia ( Liu and Huang, 2016 ). In vivo and in vitro studies

howed that FDP had various biological activities, including alleviating

ain ( Sun and Yang, 2019 ), anti-hypoxia ( Zeng et al., 2006 ), reducing

erebral ischemia reperfusion injury ( Liang et al. 2013 ), protecting
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ndothelial cells from impaired cellular injury ( Zhou et al. 2019 ) and

reating coronary heart disease ( Guo et al. 2019 ). A study revealed that

anshen-Sanqi Herbal Pair (DS-SQ) at ratios of 2:8 and 3:7 potentiated

ngiogenic synergistic effects in EAhy 926 cells ( Zhou et al. 2017 ). Liu

t al. confirmed that DS-SQ with a ratio of 10:3 could markedly inhibit

latelet aggregation and adhesion in normal rabbit ( Liu et al. 2002 ).

urthermore, the active components from different herbs might interact

ith each other during the metabolic process, which could poten-

ially influence their therapeutic benefits. In addition, the compatibility
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echanisms of compound Chinese herbal preparation might be clarified

o some degree by understanding the interaction of the active compo-

ents based on their metabolic research ( Huang et al. 2016 ). Therefore,

t is of significant importance to clarify the in vivo metabolism and

etabolic effect of the representative active components of DS-SQ. 

Zebrafish, which have the characteristics of small size, fast reproduc-

ion, transparent embryos and short experimental period, were widely

sed in genetics, developmental biology, human disease research and

rug safety evaluation ( Bhattacharya et al. 2018 ; Falcão et al. 2018 ).

he zebrafish and human genetic sequences have more than 50% homol-

gy, and zebrafish can express a variety of drug-metabolizing enzymes,

uch as phase I enzymes cytochrome P450 (CYP) and phase II enzymes

DP-glucuronosyltransferases and sulfotransferases ( Wang et al. 2018 ;

a š ica et al. 2019 ). Therefore, the studies of zebrafish for drug

etabolisms are receiving more and more attentions ( Yan et al. 2019 ;

enchoula et al. 2019 ). The hydroxylated metabolite had been detected

fter exposure the zebrafish to the ibuprofen solution for 24 h, which

ndicated that zebrafish could metabolize ibuprofen in a mammalian

YP450 zymogen-like manner ( Jones et al. 2012 ). In our recent study,

he conjugative activities had been confirmed by detecting glucuronida-

ion metabolites of curcumin and baicalein in zebrafish ( Yin et al. 2020 ).

Salvianolic acid B (SAB) and (tanshinone IIA (TIIA) are the main phe-

olic acids and quinones in Danshen ( Yang et al. 2015 ), respectively.

insenoside Rb1 (GRb1) and ginsenoside Rg1 (GRg1) are the main pro-

opanaxadiol and protopanaxatriol in Sanqi ( Liu et al. 2009 ), respec-

ively. Furthermore, these compounds have significant pharmacological

ctivity on the treatment of cardiovascular diseases. In addition, TIIA,

AB and GRg1 have been used as quality control markers for FDP in

hinese Pharmacopoeia. Therefore, in this work, SAB, TIIA, GRb1 and

Rg1 were selected as the representative active compounds, owing to

heir various pharmacological activities and high contents in the herbs

 Xu et al. 2019 ; Pang et al. 2016 ). The metabolisms of SAB, TIIA, GRb1

nd GRg1 in zebrafish were investigated by high-performance liquid

hromatography combined with triple-quadruple mass spectrometer. In

ddition, the metabolic effect among those four investigated compounds

as explored according to the change of amount of their metabolites. 

. Materials and Methods

.1. Chemicals and Reagents 

Ginsenoside Rg1 and Ginsenoside Rb1 were purchased from Shang-

ai Yuanye Biotechnology Co., Ltd. ( ≥ 98.0%, Shanghai, China). Sal-

ianolic acid B was purchased from PureChem-Standard Co., Ltd.

 ≥ 98.0%, Chengdu, China). Tanshinone IIA was purchased from Beijing

olarbio Scientific Co., Ltd. ( ≥ 98.0%, Beijing, China). Dimethyl sulfox-

de (DMSO) was purchased from Chengdu Chron Chemicals Co., Ltd.

Chengdu, China). Acetonitrile (HPLC grade) and formic acid (HPLC

rade) were obtained from Beijing InnoChem Science & Technology

o., Ltd. (Beijing, China). All of the experimental water was purified

y a water purification system (ATSelem 1820A, Antesheng Environ-

ental Protection Equipment Co., Ltd., Chongqing, China). Buffers and

amples were ultrasonicated in a KQ-100B ultrasonic cleaner (Kunshan

ltrasonic instruments Co., Ltd., Kunshan, China) before use. 

.2. LC-MS/MS analysis 

The analysis of metabolites were conducted on a Shimadzu

060 Triple-Quadruple mass spectrometer (Shimadzu, Kyoto, Japan)

quipped with ESI interface that was connected to a HPLC system.

he mobile phase consisted of solvent A (0.1% formic acid aqueous

olution) and solvent B (acetonitrile) using a gradient elution program:

%-27% B at 0-10 min, 27%-35% B at 10-25 min, 35%-65% B at 25-37

in, 65%-80% B at 37-50 min, 80%-7% B at 50-55 min, 7% B at 55-60

in. The flow rate was 1.0 mL/min. An Agilent Zorbax SB-Aq column
250 × 4.6 mm, 5 𝜇m) maintained at 30°C was used for separation. The

njection volume of sample was 10 𝜇L. 

The ESI-MS conditions were as follows: drying gas pressure, 100

Pa; curved desolvation line (CDL) voltage, constant level; interface

oltage, 1.4 kV; nebulizing gas flow rate, 3 L/min; detector voltage, 1.40

V; CDL temperature, 250°C; block heater temperature, 400°C; and vac-

um, 1.9 × 10 − 2 Pa. The mass spectra were recorded in simultaneous

ositive and negative ionization full-san mode with the m/z range of

00-2000. The ion accumulation time was set at 100 ms and the colli-

ion energy of collision induced dissociation (CID) was set at 50%. Data

cquisition and processing were performed with the LC-MS solution ver-

ion 1.1 software (Shimadzu). 

.3. Drug administration and biological sample preparation 

The zebrafish were kept under laboratory conditions for three

onths before experiments. The culture and reproduction of zebrafish

as carried out by the Westerfield method ( Yin et al. 2020 ). Zebrafish

mbryos after 48-h hatching were divided into nine experimental groups

f thirty larvae each and placed in a 12-hole plate. The blank group G1

as exposed in 1 mL ultra-pure water. Eight drug-treated groups G2-G9

ere exposed to solution (8 𝜇M, 1 mL) of SAB, TIIA, GRg1, GRb1, SAB

nd GRg1, SAB and GRb1, TIIA and GRg1, TIIA and GRb1, respectively.

ll the above hatch water contained 0.05% DMSO. 

After 48-h hatching, the zebrafish larvae were sucked with a plastic

ead dropper, and then washed three times using purified water and

omogenized. After being centrifuged at 3200 × g for 15 min, the su-

ernatant was collected and 1 mL methanol was added, followed by

entrifugation at 2.312 ∗ 10 4 × g for 15 min to remove protein and tissue

ieces. The supernatant liquid was filtrated through 0.45 μm microp-

rous membrane and analyzed by LC-MS/MS. 

.4. Statistical analysis 

The results were presented as mean ± standard deviations (SD) of

hree different experiments. The statistical analysis was performed with

PSS (version 24, SPSS, Inc., Chicago, IL, USA). 

. Results and Discussion

.1. Identification of SAB, TIIA, GRg1 and GRb1 metabolites after 

ebrafish exposure 

SAB, TIIA, GRg1 and GRb1 and their metabolites after zebrafish ex-

osure were identified by HPLC-MS/MS in simultaneous negative and

ositive mode. By comparing the total ion chromatograms (TICs) of

lank group and drug treated group (Fig. S1), and comparing the frag-

entation behaviors and retention time with reference data and some

f reference compounds, eighteen metabolites and four prototypes of

AB, TIIA, GRg1 and GRb1 were identified in the drug-containing sam-

les. The retention time, metabolic type and major product ions were

ummarized in Table 1 . 

.1.1. Identification of SAB metabolites 

Seven metabolites and parent component of SAB were detected in

oth zebrafish body and zebrafish solution. The related MS and MS 2 

pectra of metabolites and the parent compound were given in the

ig. S2 and Fig. S3. SAB was identified as it showed the deprotonated

olecule [M-H] − at m/z 717 and the product ion at m/z 679 [M-H-

H 2 O-2H] − ( Zeng et al. 2006 ). SAB-1 showed the quasi-molecular

M-H] − ion at m/z 731, 14 Da higher than that of SAB, suggesting

hat SAB-1 was monomethyl-SAB ( Qi et al. 2013 ). The [M-H] − and the

roduct ion of SAB-2 were at m/z 197 and m/z 153 [M-H-COOH] − ,

espectively, indicating that SAB-2 was tanshinol ( Meng et al. 2019 ).

AB-5 was observed as quasi-molecular [M-H] − ion at m/z 537, which

ight be resulted from the loss of caffeic acid (CA, 180 Da), SAB-5
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Table 1

Identification of the metabolites of SAB, TIIA, GRg1 and GRb1 in zebrafish by HPLC-MS/MS

Metabolite Retention time t R (min) Reaction type MS ( m/z ) Identification Incubation solution Zebrafish body

SAB 11.996 717 ([M-H] − ), 679 

([M-H-2H 2 O-2H] − ), 468 

SAB + a + 

SAB-1 2.057 methylation 731 ([M-H] − ), 557 Monomethyl-

SAB

+ + 

SAB-2 8.673 degradation 197 ([M-H] − ), 153 ([M-H-CO 2 ] 
− ) Tanshinol + + 

SAB-3 10.882 degradation

methylation

551 ([M-H] − ), 432, 325 

([M-H-DSS-CO] − ), 297 

([M-H-DSS-2CO] − ) 

Monomethyl-

LSA

+ + 

SAB-4 42.313 361 ([M-H] − ) SAR c + + 
SAB-5 44. 691 degradation 537 ([M-H] − ), 423, 339 

([M-H-DSS] − ) 

LSA + + 

SAB-6 51.167 degradation 539 ([M-H] − ), 325 

([M-H-CA-CH 3 -H 2 O-H] − ) 

SAS + + 

SAB-7 52.878 degradation 165 ([M-H] − ), 148 ([M-H-OH] − ) 3-(3-

hydroxypheny)-

propionic

acid

+ + 

TIIA 49.449 317 ([M + Na] + ), 295 ([M + H] + ), 

280 ([M + H-CH 3 ] 
+ ), 262 

([M + H-CH 3 -H 2 O] + ), 234 

([M + H-CH 3 -H 2 O-CO] + ), 219 

([M + H-2CH 3 -H 2 O-CO] + ) 

TIIA + + 

TIIA -1 2.691 hydroxylation 311 ([M + H] + ), 222 

([M + H-3CH 3 -CO 2 ] 
+ ), 203 

([M + H-3CH 3 -COOH-H 2 O-H] + ) 

Monohydric-

TIIA

+ - b

TIIA -2 9.229 reduction

glucuronidation

471 ([M + H] + ), 309, 277 

([M + H-glca-H 2 O] + ), 251 Dehydrotanshinone

IIA glucuronide

+ + 

TIIA -3 9.794 hydroxylation

glucuronidation

487 ([M + H] + ), 471 

([M + H-OH + H] + ), 427 

([M + H-COOH-CH 3 ] 
+ ), 383 

([M + H-COOH-CO 2 -CH 3 ] 
+ ), 365, 

295 ([M + H-glca-OH + H] + ), 251 

([M + H-glca-OH-CO 2 ] 
+ ) 

Hydroxytanshinone

IIA glucuronide

+ + 

TIIA -4 10.806 reduction 293 ([M + H] + ), 277 

([M + H-CH 3 -H] + ), 233 

([M + H-OH-CO-CH 3 ] 
+ ), 218 

([M + H-OH-CO-2CH 3 ] 
+ ) 

Dehydrotanshinone

IIA

+ + 

TIIA -5 13.901 glucuronidation 473 ([M + H] + ), 278 

([M + H-glca-H 2 O-H] + ) 

Tanshinone IIA

glucuronide

+ + 

GRg1 42.347 800 ([M-H] − ), 313 GRg1 + -

GRg1-1 49.313 desugarization 684 ([M + HCOO] − ) GF1/GRh1 + + 
GRg1-2 49.174 desugarization 475 ([M-H] − ), 137 Ppt + + 
GRb1 27.825 1132 ([M + Na] + ) GRb1 + + 
GRb1-1 30.920 hydroxylation 1169 ([M + HCOO] − ) GRb1

Monohydric-

GRb1

+ + 

GRb1-2 39.843 desugarization 992 ([M + HCOO] − ), 855 GRd + + 
GRb1-3 12.623 desugarization 808 ([M + Na] + ) GRg3/GF2 + + 
GRb1-4 50.268 desugarization 645 ([M + Na] + ), 407 GRh2 + + 

a Detectable 
b Undetectable 
c Glca, glucuronic acid; DSS, Danshensu; CA, caffeic acid; SAR, salvianolic acid R; LSA, lithospermic acid; SAS, salvianolic acid S; GF1, Ginsenoside 

F1; GRh1, Ginsenoside Rh1; Ppt, Protopanaxatriol; GRd, Ginsenoside Rd; GRg3, Ginsenoside Rg3; GRF2, Ginsenoside RF2; GRh2, Ginsenoside Rh2; glc,

𝛽-D-glucopyranos
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as supposed to be lithospermic acid (LSA) ( Wang et al. 2008 ). The

M-H] − ion of SAB-3 was 14 Da higher than that of SAB-5, suggesting

hat it might be monomethyl-LSA ( Li et al. 2007 ). The mass spectrum

f SAB-4 gives the quasi-molecular at m/z 361, which was assigned

o be salvianolic acid R (SAR) ( Xu et al. 2007 ). Mass spectra of SAB-6

ive the quasi-molecular [M-H] − ion at m/z 539 and the character-

stic fragment ion at m/z 325 [M-H-CA-CH 3 -H 2 O-H] − , indicating the

issociation of ester bond, so SAB-6 was supposed to be salvianalic

cid S (SAS) ( Xu et al. 2007 ). SAB-7 was the degradation of SAB based

he quasi-molecular [M-H] − ion at m/z 165 and the characteristic

ragment ion at m/z 148 [M-H-OH] − , SAB-7 was supposed to be

-(3-hydroxyphenyl)-propionic acid ( Xu et al. 2007 ). The proposed

iotransformation pathway of SAB in zebrafish was shown in Fig. 1 . 
g  
.1.2. Identification of TIIA metabolites 

The total ion chromatogram and extracted mass chromatograms of

IIA in zebrafish was shown in Fig. S4, and the MS 2 spectra were shown

n Fig. S5. TIIA was identified by the protonated molecule [M + H] + at

/z 295 and quasi-molecular [M + Na] + ion at m/z 317, the fragment ion

t m/z 280 formed by the loss of 15 Da (CH 3 ) from the precursor ion m/z

95 , as well as the fragment ion at m/z 262 and m/z 234 formed by the

oss of 18 Da (H 2 O) and 28 Da (CO) from m/z 280, respectively ( Li et al.,

006 ). TIIA-1 gives quasi-molecular [M + H] + and [M + Na] + at m/z 311

nd 333, both of which were 16 Da higher than that of TIIA, indicat-

ng that TIIA-1 might be hydroxyl metabolite of TIIA ( Li et al. 2006 ).

he fragment ions of TIIA-2 were similar to those of TIIA-4 except for

he neutral loss of 176 Da. Therefore, TIIA-2 was supposed to be the

lucuronide conjugate of TIIA-4 ( Zhao et al. 2018 ). TIIA-3 gives the
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Fig. 1. Proposed biotransformation pathways of SAB in zebrafish.
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rotonated molecule [M + H] + at m/z 487 and could be detected by the

eutral loss scan of 176 Da, indicating that TIIA-3 was the glucuronide

onjugate of the hydroxyl metabolite of TIIA ( Wei et al. 2012 ). TIIA-4

ives the protonated molecule [M + H] + at m/z 293, which was only 2 Da

ess than TIIA. It was supposed to be a dehydrogenated product of TIIA

 Hao et al. 2006 ). Tanshinone IIA glucuronide (TIIA-5) was observed

s its glucuronide conjugated protonated molecule [M + H] + at m/z 473

 Li et al. 2006 ). The proposed metabolic pathway of TIIA was presented

n Fig. 2 . 

.1.3. Identification of GRg1 metabolites 

Two deglycosylated metabolites and parent drug of GRg1 were de-

ected in both zebrafish body and solution, the related MS and MS 2 

pectra were given in the Fig. S6 and Fig. S7. GRg1 was observed as

ts protonated molecule [M-H] − at m/z 800 ( He et al. 2016 ). GRg1-1

nd GRg1-2 showed quasi-molecular [M + Na] + ion at m/z 662 and [M-

] − at m/z 475, indicating the neutral losses of one or two glucose from

Rg1, respectively. Therefore, GRg1-1 and GRg1-2 were supposed to

e the mono-deglycosylated metabolites Rh1/F1 and di-deglycosylated

etabolites Protopanaxatriol (Ppt) ( Chen et al. 2015 ; Wang et al. 2016 ;

ang et al. 2014 ), respectively. The proposed metabolic pathway of

Rg1 in zebrafish was shown in Fig. 3 . 
.1.4. Identification of GRb1 metabolites 

Four hydroxylation and desugarization metabolites of GRb1 were

etected from both zebrafish body and solution, the related MS and

S 2 spectra were given in the Fig. S8 and Fig. S9. GRb1 was identified

y its quasi-molecular [M + Na] + at m/z 1132 ( Yu et al. 2017 ). GRb1-1

ave the quasi-molecular [M + HCOO] − at m/z 1170 and could be

etected by the neutral loss of 16 Da, indicating that GRb1-1 was the

ydroxyl metabolite of GRb1 ( Yu et al. 2017 ). GRb1-2, GRb1-3 and

Rb1-4 were observed as quasi-molecular [M + HCOO] − at m/z 992,

M + Na] + at m/z 808 and [M + Na] + at m/z 645, which were 162 Da,

24 Da and 486 Da higher than that of GRb1, indicating that they might

e desugarization metabolites of GRb1. Therefore, GRb1-2, GRb1-3

nd GRb1-4 were tentatively identified as GRd, GRg3/GF2 and GRh2,

espectively ( Kang et al. 2016 ; Wang et al. 2015 ; Kang et al. 2015 ). The

roposed metabolic pathway of GRb1 was presented in Fig. 4 . 

.2. Metabolic interaction effects of SAB, TIIA, GRg1 and GRb1 in 

ebrafish 

In order to investigate the metabolic interaction effects of SAB,

IIA, GRg1 and GRb1 in zebrafish, the amount of parent drugs and

etabolites after single and combined exposure were determined by

he change of corresponding peak area. The results were shown in

ig. 5 . It was found that GRg1 and GRb1 could reduce the amount of

AB-1 and SAB-5 significantly, but increase the amount of SAB-3, SAB-6
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Fig. 2. Proposed biotransformation pathways of TIIA in zebrafish.

Fig. 3. Proposed biotransformation pathways of GRg1 in zebrafish.
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Fig. 4. Proposed biotransformation pathways of GRb1 in zebrafish.

Fig. 5. The peak areas of SAB ( a ), TIIA ( b ), GRg1 ( c ) and GRb1 ( d ) metabolites after single and combined exposure to zebrafish (n = 3). Each error bar represents 

the standard error of the mean (SEM); ∗ , significantly changed compare with group of single administration (p < 0.05); ∗ ∗ , significantly changed compare with group 

of single administration (p < 0.01); ∗ ∗ ∗ , significantly changed compare with group of single administration (p < 0.001) 
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nd SAB-7. As for TIIA, the amount of TIIA and TIIA-2 were signifi-

antly decreased, but the amount of TIIA-3 increased after co-treating

ith GRg1 and GRb1. For GRg1 and GRb1, the amount of GRg1 and

Rb1 decreased, but the amount of GRg1-1, GRb1-2 and GRb1-4 was

ncreased with different degree after combining exposure with SAB

nd TIIA. These results indicated that the interaction effect of the main
ctive components of Salvia miltiorrhiza and Panax notoginseng may

e due to the change of the metabolic levels. The content-increasing

etabolites have achieved considerable attention as promising adjunct

nd supportive agents in the prevention and treatment of cardiovascular

isease. Numerous previous studies have demonstrated that ginsenoside

1 could increase the cerebral microvessel density and promotes angio-
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M  
enesis in vitro and in vivo via activating the insulin-like growth factor

/insulin-like growth factor 1 receptor pathway in endothelial cells

 Zhang et al. 2019 ). Furthermore, ginsenoside F1 decrease endothelial

ell apoptosis, alleviate inflammation in endothelial cells, prevent from

he adherence of monocytes to endothelial cells, and postpone the pro-

ression of atherosclerosis by activating A20-mediated NF- 𝜅B pathway

 Qin et al. 2017 ). Ginsenoside Rd showed protective effect against

yocardial ischemic/reperfusion injury via modulation of Akt/GSK

nd Nrf 2 /HO-1 signalling pathways ( Zeng et al. 2015 ). Moreover,

insenoside Rd could alleviate operation-induced cardiac hypertro-

hy through inhibition of oxidative stress, mitogen-activated protein

inase signaling pathway and inflammation ( Zhang et al., 2019 ). The

etabolites of GRg1 and GRb1 are potential anti-tumor drugs based on

heir favorable efficacy and safety profiles. Ginsenoside Rh2 represses

utophagy in cervical cancer cells and enhanced apoptosis through

n apoptosis-inducing factor mediated pathway ( Wang et al. 2020 )

n addition, ginsenoside Rh2 could induce apoptosis by promot-

ng mitogen-activated protein kinase signaling pathway and inhibit

I3K/Akt/mTOR and nuclear factor-kappa B signaling pathway in U20S

ells ( Li et al. 2020 ). Therefore, the increased levels of metabolites due

o metabolic interactions may have effects on treating human disease. 

. Conclusion

In this study, eighteen metabolites and four parent compounds

f SAB, TIIA, GRg1 and GRb1 in zebrafish were detected and tenta-

ively identified by LC-MS/MS. The biotransformation pathways of SAB,

IIA, GRg1 and GRb1 in zebrafish were proposed, including phase I

etabolism (methylation, degradation, reduction, dehydrogenation, hy-

roxylation and desugarization) and phase II metabolism (Glucuronida-

ion). This work proposed a strategy to study the metabolism of the main

ctive components in Salvia miltiorrhiza and Panax notoginseng , which

ay partially explain the possible synergistic effect of compounds in

S-SQ through modifying the metabolism in zebrafish. 
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